ABSTRACT: Callosobruchus maculatus (Fabr.) is an important pest in stored cowpea, Vigna unguiculata (L.) Walp., with ample distribution in tropical and subtropical regions. The effect of alternation of cowpea genotypes, susceptible (S) and resistant (R), on the biology of (C. maculatus) was studied after four generations. A no-choice test was carried out in a completely randomized design, factorial scheme, with five treatments, four host combinations (RR, RS, SR and SS) and five replications. Each replication consisted of 30 grains of each genotype infested by two insect couples. The number of eggs per female was not different within or between combinations, evidencing that the genotypes and their alternation did not affect C. maculatus fecundity. Egg viability, however, varied between genotypes and between combinations. In combination RR, the longest duration of the immature stage was verified for genotype IT89KD-245; in addition, all genotypes presented the smallest survival for the same stage, resulting in a higher mortality of the pest. The resistance index categorized combination RR as moderately resistant for genotypes IT89KD-245, BR14-Mulato and BR17-Gurguéia, and as susceptible (S) only for IT89KD-260, demonstrating that these combinations were not very adequate for the development of C. maculatus, a fact that was confirmed by the better performance of the pest on the genotype from combination SS, and because of a reduction in its performance when it returned to resistant genotypes. Key words: insecta, plant resistance, antibiosis, stored cowpea pest
INTRODUCTION
The bruchid Callosobruchus maculatus (Fabr.) is an important pest of stored cowpea, Vigna unguiculata (L.) Walp., with ample distribution in tropical and subtropical regions, where this crop represents one of the main sources of protein in human diet. The insect infests the cowpea before harvest and causes quantitative and qualitative losses to seeds in storage facilities (Singh, 1978; Mbata, 1993; Shade et al., 1996) .
Because it is easy to utilize, costs little and is compatible with other control tactics, genotype resistance emerges as a potential option to minimize losses caused by C. maculatus during storage, especially because cowpea is a crop of low economic return. However, the development of resistant cultivars is still very limited, since few high-resistance sources have been identified (Singh et al., 1985; Dongre et al., 1996) . Another problem that can jeopardize its utilization when it occurs frequently and in high proportions, is the genetic variability of C. maculatus. This variability is capable of changing the plant-insect relationship as a result of selection pressure imposed by genotypes after several generations, resulting in biotype development (Messina & Renwick, 1985; Dick & Credland, 1986a , 1986b Mbata, 1993; Shade et al., 1996) .
Knowledge on C. maculatus biotypes has not been adequately utilized in evaluating resistant genotypes of cowpea. Cowpea genotypes that exhibit significant resistance levels of a single Nigerian population were produced at the International Institute of Tropical Agriculture (IITA) (Ofuya & Credland, 1995) . These authors, working with three populations of the bruchid from Cameroon, Brazil and Burkina Faso, observed variability in bruchid response to cowpea genotypes, demonstrating that resistance assays must be performed using different populations.
The existence of biotypes capable of developing normally on resistant plants has frequently hampered pest management programs. An efficient strategy to avoid the development of these populations is to periodically control alternation of cultivars with different degrees of resistance or distinct background, or their association in the same area (Beck & Schoonhoven, 1984) . Therefore, the objective of this paper was to evaluate the effect of alternating cowpea genotypes (susceptible and resistant) on the biology of a population of C. maculatus.
MATERIAL AND METHODS
The experiment was carried out in Recife, PE, Brazil, under a temperature regime of 27.5 ± 0.9 o C and 64.6 ± 2% relative humidity, recorded daily by a thermohygrograph, and 12 h of photophase. To obtain uniform materials, five cowpea genotypes from the Germplasm Collection of Embrapa/Meio Norte (CNPMN), Teresina, PI, Brazil, were multiplied in Vitória de Santo Antão, PE, Brazil (8º07'05'' S, 35º17'29'' W). After harvesting and processing, grains were placed in plastic bags and kept in a freezer at -5 o C to eliminate C. maculatus infestations coming from the field. Before installing the experiments, grains were removed from the freezer and placed in plastic containers (6 cm high by 6 cm in diameter) covered with voile and maintained in the laboratory for six days to achieve hygroscopic equilibrium.
Thirty intact grains of resistant genotypes BR17-Gurguéia, BR14-Mulato, IT89KD-260, IT89KD-245 and CNC 0434, and of the susceptible genotype CNCx 409-12F (Lima et al., 2001) were placed in similar plastic containers, with lids containing small holes and covered with voile to promote aeration. Grains were infested with two 0-24-h old C. maculatus couples, from the fourth day of emergence of the fourth generation of insects maintained in the laboratory on each of the genotypes. The insects remained confined in the plastic containers with cowpea grains during six days for oviposition (Santos, 1976) . Daily observation of the number of emerged insects was performed and their removal started 25 days after infestation (DAI) and continued for 23 days when no more insects emerged. Following the same procedure, two sixthgeneration couples from each treatment were removed on the fourth day of emergence and used for infestation of alternative genotypes (susceptible and resistant). In addition to the six generations of the pest successively reared on the same resistant genotype (RR), the other treatments were possible for insects reared in each resistant cowpea genotype: the fifth and sixth generations on the susceptible genotype (SS); the fifth generation on the susceptible and the sixth generation on the same genotype used for rearing until the fourth generation (SR); the fifth generation on the same genotype used for rearing until the fourth generation and the sixth generation on the susceptible genotype (RS) (Figure 1 ).
The response of C. maculatus to the genotypes was evaluated for the sixth generation based on the number of eggs per female (fecundity), egg viability (fertility), duration of the immature stage (period from egg to adult), survival of the immature stage (percentage of emerged insects), and resistance index. Egg viability was calculated based on the number of viable eggs relative to the total number of egg. Viable eggs were recognized by their morphological aspect, since they became opaque as a function of the residues discharged by the larvae during their penetration into grains. To calculate duration of the immature stage, the following relation was used: [S(daily number of emerged insects x number of DAI)/ total emerged insects]. The survival of the immature stage was obtained based on the total emerged adults relative to the number of viable eggs. The formula proposed by Kornegay et al. (1993) A completely randomized design in a factorial scheme was utilized, with five treatments, four host combinations (RR, RS, SR and SS) and five replicates. The data pertaining to the number of eggs per female, egg viability, duration and survival of the immature stage were submitted to the Lilliefors test for normality of variance and to analysis of variance (ANOVA), and the Scott-Knott test (P = 0.05) was used to separate means (Scott & Knott, 1974) . Genotypes, when evaluated by the resistance index (Kornegay et al., 1993) , were separated based on the confidence interval 95% ( 
RESULTS AND DISCUSSION
The number of eggs per female C. maculatus ranged from 66.8 on BR17-Gurguéia to 80.2 on IT89KD-260. No differences within or between host combinations were observed, evidencing that the genotypes and their alternation did not affect pest fecundity (Table 1) . Singh (1978) and IITA (1981) verified the same behavior for the cultivar TVu 2027, which is highly resistant due to antibiosis, since it oviposited as much as the susceptible.
Egg viability in C. maculatus presented variation between genotypes and between combinations, characterizing an effect on fertility, i.e., on the number of eggs that originated larvae (Table 2 ). The smallest observed viability was 75.8% in RR for insects maintained for six generations on BR14-Mulato, just differing from BR17-Gurguéia and CNC 0434 genotypes. This negative genotype effect could be chemical in nature or attributed to morphological characteristics of the grain that prevented penetration of the bruchid. Among the genotype combinations, BR14-Mulato had a viability of 87.3% for the RS combination, 91.9% for SS combination, 75.8% for RR, and 80.3% for MR combinations. This demonstrates that insects maintained on resistant genotypes and, soon after, on susceptible genotypes, have their egg viability increased. On the other hand, BR17-Gurguéia and CNC 0434 genotypes under the different combinations had little effect on pest egg viability.
Although significant, the variation in duration of the immature stage of C. maculatus (Table 3) was not very large, corresponding to a maximum difference of only 1.1 Pessoa et al. (1993) , who observed a difference of one day between cowpea cultivars. The longest duration for this stage was obtained for IT89KD-245 for the combinations RR and SR, demonstrating that these combinations are not very adequate for bruchid development as compared to the other genotype combinations. However, the differences are small and may not be biologically meaningful.
All the genotypes presented less percentage of survival at the immature stage (% of emerged adults) in the combination RR, the causal factors for this performance not having been established (Table 4 ). The largest number of emerged insects was verified when host alternation occurred, especially when the last generation was maintained on susceptible hosts, confirming that the resistant genotypes were not favorable to the progeny of the pest.
According to the resistance index (Kornegay et al., 1993 ) the combination RR was classified as moderately resistant (MR) for genotypes IT89KD-245, BR14-Mulato and BR17-Gurguéia, and as susceptible (S) only for IT89KD-260 (Table 5) , that is, these combinations were not very adequate for the development of C. maculatus. When the susceptible host was used for the 6 th generation, it was observed better performance of the pest, confirmed by the change in the classification in the resistance index (Table 5) . Genotype IT89KD-245 changed to highly susceptible (HS) for the RS combination. Lima et al. (2002) have observed that the IT89KD-245 genotype also behaved as moderately resistant (MR) for six C. maculatus generations, when the resistance index was used as evaluation parameter.
The frequent utilization of genotypes with high levels of resistance could promote the development of biotypes resulting from selection pressure, especially when the insect shows high genetic variability, as it is the case with C. maculatus. Therefore, the alternation of hosts with different degrees of resistance is very important as a strategy to avoid the occurrence of resistant populations. Schoonhoven & Cardona (1982) , working for five generations with Zabrotes subfasciatus (Boh.) on resistant and susceptible genotypes of common beans, Phaseolus vulgaris L., did not find expressive variations in insect resistance to the host. This resistance would disappear when the insects were again reared on a susceptible cultivar, which could be explained by their adaptability. If the adaptive cost of resistance to certain cultivars is high, in the absence of selection pressure the susceptibility condition could occur more rapidly. This would indicate that Table 5 -Classification of cowpea genotypes relative to C. maculatus based on their resistance index. Temperature: 27.5 ± 0.9 o C; RH: 64.6 ± 2%; Photophase: 12 h.
